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Understanding	 how	 environmental	 change	 affects	 ecosystem	 function	 delivery	 is	








most	 synchronously	 to	 environmental	 change	 and	 allocate	 species	 into	 “response	
guilds.”	We	then	use	“production	functions”	combining	trait	data	to	estimate	the	rela‐
tive	roles	of	species	to	ecosystem	functions.	We	quantify	the	correlation	between	












Our	 approach	 holds	 promise	 for	 overcoming	 the	 impasse	 in	 predicting	 the	 re‐

















Hector	 &	 Bagchi,	 2007;	 Isbell	 et	 al.,	 2011;	 Lefcheck	 et	 al.,	 2015).	
Human	activities,	including	habitat	fragmentation,	pollution,	and	cli‐
mate	change,	have	led	to	declines	in	both	species	richness	and	abun‐












environmental	 changes	on	ecosystem	 functions	and	 services	have	
focused	on	a	“reductionist”	approach,	attempting	to	determine	how	














Suding	 et	 al.,	 2008);	 aspects	 that	 are	 sometimes	 termed	 “resis‐
tance”	 (Donohue	et	al.,	2013);	and	engineering	resilience,	 that	 is,	
the	time	taken	for	a	system	to	return	to	equilibrium	after	a	pertur‐
bation	 (Holling,	 1996;	 Pimm,	 1984).	While	 engineering	 resilience	
draws	 from	 a	more	 classical	 use	 of	 the	 term	outside	 of	 ecology,	
stemming	 from	 the	 etymology	 of	 the	word	 (Gunderson	&	Allen,	
2010),	 it	 should	 not	 be	 considered	 as	 the	 definitive	 term	 for	 re‐
silience	 in	 ecology	 (Walker	 et	 al.,	 2004).	 It	 should	 also	 be	 noted	
that	resilience,	along	with	constancy,	and	persistence	are	factors	
that	contribute	to	the	overall	stability	of	an	ecosystem	(Grimm	&	
Wissel,	 1997),	 which	 also	 encompasses	 a	 number	 of	 other	 fac‐
tors	 including	 robustness	 and	 variability	 (Donohue	 et	 al.,	 2013).	
In	this	study,	we	focus	specifically	on	the	ability	of	an	ecosystem	
function	 to	 be	 maintained	 in	 the	 face	 of	 environmental	 pertur‐
bations,	 therefore	 integrating	aspects	of	 resistance	and	adaptive	














and	 effects	 traits	 (Díaz	 et	 al.,	 2013;	Oliver	 et	 al.,	 2015;	 Suding	 et	














disagreements	 regarding	 trait	 measurements	 between	 different	
datasets	 for	 the	 same	 species	 (Middleton‐Welling,	Wade,	 Dennis,	




relationships	 between	 putative	 response	 traits	 and	 environmental	
change	 or	 between	 putative	 effect	 traits	 and	 ecosystem	 function	
K E Y W O R D S
Ecosystem	functioning,	ecosystem	resilience,	effect	traits,	environmental	change,	
environmental	risk,	population	dynamics,	response	guilds,	response	traits
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ability	 to	predict	 the	delivery	of	 ecosystem	 functions	under	 any	
particular	aspect	of	environmental	change.	It	may	explain	why	the	
few	successful	demonstrations	have	been	limited	to	studying	plant	
communities	 (Lavorel	 et	 al.,	 2011),	with	most	 focusing	 on	 single	




(Hevia	 et	 al.,	 2017),	 even	 though	we	 know	 that	 drivers	 such	 as	
climate	and	land	use	change	strongly	interact	in	their	impacts	on	
biodiversity	(Brook,	Sodhi,	&	Bradshaw,	2008;	Oliver	&	Morecroft,	
2014).	 We	 expect	 the	 environment	 to	 change	 across	 multiple	
variables	 (e.g.,	multiple	different	aspects	of	climate	and	 land	use	
change);	therefore,	additively	combining	predictions	of	the	effects	
of	 single	 drivers	 in	 order	 to	 understand	 the	 effects	 of	 multiple	
drivers	on	general	resilience	of	ecosystem	functioning	makes	the	




a	 reductionist	 “Holy	Grail”	 approach	have	been	ongoing	 since	 the	
late	1990s	 (Díaz	&	Cabido,	1997;	 Lavorel,	McIntyre,	 Landsberg,	&	
Forbes,	1997),	with	 revisits	 in	 the	early	2000s	 (Lavorel	&	Garnier,	



























is	 likely	 to	 decline,	 albeit	 just	 temporarily.	 This	may	 lead	 to	 levels	








map	 ecosystem	 functions	 onto	 species	 “response	 guilds”	 identi‐
fied	through	analysis	of	the	covariance	between	species'	historical	
responses	 to	 environmental	 change.	We	 also	 explore	 how	 phylo‐






underpin	 supporting,	 regulating,	 and	 cultural	 services	 and	 have	








1982);	and	 (c)	aesthetic	cultural	 function,	 through	members	of	 the	
public	 experiencing	 culturally	 important	 taxonomic	 groups,	 which	
underpin	cultural	ecosystem	services	that	support	well‐being	(Clark	
et	al.,	2014).
2  | MATERIAL S AND METHODS
2.1 | Creating a population dynamics correlation 
matrix of interannual changes in abundance
UK‐wide	 annual	 abundance	 indices	 for	 54	 UK	 butterfly	 species	
from	1976	to	2014	were	available	from	the	UK	Butterfly	Monitoring	
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Scheme	(UKBMS).	UKBMS	data	were	collected	by	volunteers	using	
the	“Pollard	walk”	method	(Pollard	&	Yates,	1993).	Collated	indices	
were	 calculated	 in	 a	 two‐step	method.	 First,	 site	 abundance	 indi‐
ces	were	calculated	by	fitting	a	generalized	additive	model	to	count	
data	from	each	site,	in	order	to	estimate	missing	data	values	within	




van	 Strien,	 Meijer,	 &	 Verstrael,	 1994).	 This	 was	 achieved	 using	 a	
log‐linear	 Poisson	 regression	 model	 to	 calculate	 expected	 counts	


















ating	 a	distance	matrix).	After	 this	 transformation,	 all	 values	were	
increased	by	+1.	 This	was	 necessary	 as	 the	methods	 used	 to	 per‐
form	a	hierarchical	cluster	analysis	do	so	using	Euclidean	distances	






A	 hierarchical	 cluster	 analysis	was	 performed	using	 this	 trans‐






2.2 | Comparison of interannual population 




the	 population	 dynamics	 correlation	matrix.	 Using	 1,000	 possible	






and	 population	 dynamics	 correlation	matrices	were	 then	 trimmed	
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function,	and	(c)	aesthetic	cultural	function.	Our	basic	approach	is	to	
develop	“production	functions”	that	combine	relevant	trait	data	to	
estimate	 the	relative	 roles	of	species	 in	a	community	 in	contribut‐
ing	 to	ecosystem	 function.	Beyond	 these	broad	 functions,	we	can	
also	 calculate	 several	 “sub‐functions”	 (e.g.,	 wildflower	 pollination	
function	is	assessed	for	different	plant	families).	This	approach	is	an	
extension	of	traditional	community	functional	ecology	approaches	













2.3.1 | Provision of food to higher trophic levels
We	 aimed	 to	 create	 an	 index	 of	 total	 butterfly	 larval	 biomass	
which	reflects	the	provision	of	food	to	higher	trophic	levels,	that	
is,	 as	 a	 food	 source	 for	many	bird	 species	during	 chick	develop‐
ment	(Visser	et	al.,	2006).	Using	updated	10	km	resolution	butter‐
fly	occupancy	data	provided	by	Butterfly	Conservation	(Asher	et	




Resolution 1: 2 guilds
Resolution 2: 4 guilds
Resolution 3: 6 guilds
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Species allocation into guilds at
Resolution 1 Resolution 2 Resolution 3 Resolution 4
Erebia aethiops 1 1 1 1
Cupido minimus 1 1 1 1
Thecla betulae 1 1 1 2
Melanargia galathea 1 1 1 2
Pyronia tithonus 1 1 1 2
Thymelicus sylvestris 1 1 1 2
Thymelicus lineola 1 1 1 2
Maniola jurtina 1 1 1 2
Neozephyrus quercus 2 2 2 3
Hesperia comma 2 2 2 3
Hamearis lucina 2 2 2 3
Anthocharis cardamines 2 2 2 3
Celastrina argiolus 2 2 3 4
Pyrgus malvae 2 2 3 4
Boloria euphrosyne 2 2 3 4
Colias croceus 2 3 4 5
Vanessa cardui 2 3 4 5
Pieris rapae 2 3 4 6
Pieris napi 2 3 4 6
Pieris brassicae 2 3 4 6
Thymelicus acteon 2 3 4 6
Lasiommata megera 2 3 4 6
Aphantopus hyperantus 2 3 4 6
Pararge aegeria 2 3 4 6
Polyommatus bellargus 2 4 5 7
Polyommatus coridon 2 4 5 7
Lycaena phlaeas 2 4 5 7
Coenonympha pamphilus 2 4 5 7
Polygonia c‐album 2 4 5 7
Argynnis paphia 2 4 5 7
Aricia artaxerxes 2 4 5 7
Hipparchia semele 2 4 5 7
Euphydryas aurinia 2 4 5 7
Vanessa atalanta 2 4 5 8
Plebejus argus 2 4 5 8
Coenonympha tullia 2 4 5 8
Boloria selene 2 4 5 8
Melitaea athalia 2 4 5 8
Argynnis adippe 2 4 5 8
Satyrium w‐album 2 4 6 9
Limenitis camilla 2 4 6 9
Aricia agestis 2 4 6 9
Polyommatus icarus 2 4 6 9
Satyrium pruni 2 4 6 9
Ochlodes sylvanus 2 4 6 9
(Continues)
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Species allocation into guilds at
Resolution 1 Resolution 2 Resolution 3 Resolution 4
Gonepteryx rhamni 2 4 6 9
Aglais io 2 4 6 9
Argynnis aglaja 2 4 6 9
Aglais urticae 2 4 6 9
Erynnis tages 2 4 6 10
Callophrys rubi 2 4 6 10
Papilio machaon britannicus 2 4 6 10
Leptidea sinapis 2 4 6 10
Carterocephalus palaemon 2 4 6 10
TA B L E  1   (Continued)
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Aglais io 0.125 0.699 0.116 0.074 0
Aglais urticae 0.121 0.396 0.21 0.138 0
Anthocharis cardamines <0.001 0 <0.001 >0.001 0
Aphantopus hyperantus 0.25 0.326 0.19 0 0
Argynnis adippe NA 0 NA NA NA
Argynnis aglaja <0.001 0 <0.001 0 0
Argynnis paphia 0.002 0 0.002 0 0
Aricia agestis <0.001 0 <0.001 0 0.001
Aricia artaxerxes <0.001 0 <0.001 0 0
Boloria euphrosyne <0.001 0 <0.001 0 >0.001
Boloria selene <0.001 0 <0.001 0 >0.001
Callophrys rubi <0.001 0 <0.001 0 >0.001
Carterocephalus palaemon NA 0 NA NA NA
Celastrina argiolus 0.002 0.067 0.004 0 0
Coenonympha pamphilus 0.006 0 0.005 0 0.008
Coenonympha tullia <0.001 0 <0.001 0 0
Colias croceus <0.001 0 <0.001 0 0
Cupido minimus <0.001 0 <0.001 0 0
Erebia aethiops <0.001 0 <0.001 0 0
Erynnis tages <0.001 0 <0.001 0 >0.001
Euphydryas aurinia NA 0 NA NA NA
Gonepteryx rhamni 0.005 0.062 0.005 0.003 0
Hamearis lucina NA 0 NA NA NA
Hesperia comma <0.001 0 <0.001 0 0
Hipparchia semele <0.001 0 <0.001 0 0
Lasiommata megera 0.001 0 0.001 0 0
Leptidea sinapis <0.001 0 <0.001 0 0
Limenitis camilla <0.001 0 NA 0 0
Lycaena phlaeas 0.003 0.059 0.005 0 0
Maniola jurtina 1 0.911 1 0 0
Melanargia galathea 0.009 0.099 0.008 0 0
Melitaea athalia NA 0 NA NA NA
Neozephyrus quercus <0.001 0 NA 0 >0.001
Ochlodes sylvanus 0.011 0.106 0.008 0 0.010227
Papilio machaon britannicus <0.001 0 <0.001 0 >0.001
Pararge aegeria 0.13 0.177 0.11 0 0
Pieris napi 0.25 0.26 0.35 0.383 0
Pieris brassicae 0.612 0.923 0.627 0.250 0
Pieris rapae 0.561 0.985 0.898 0.561 0
Plebejus argus <0.001 0 <0.001 >0.001 0
Polygonia c‐album 0.031 0.18 0.029 0 0
Polyommatus bellargus <0.001 0 NA 0 0
(Continues)
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al.,	2001;	Fox	et	al.,	2015)	and	abundance	data	from	the	stratified‐









score	across	all	 species.	Thus,	 the	 index	 is	 standardized	 to	 scale	
between	zero	and	one,	with	a	relative	national	density	of	one	for	
the	most	 widely	 occurring	 species—the	meadow	 brown	Maniola 
jurtina.
This	 index	of	relative	national	density	was	then	combined	with	
larval	 length	 data	 (L;	 in	 mm)	 described	 in	 Carter	 and	 Hargreaves	
(1986),	 to	 estimate	 the	 relative	 total	 butterfly	 biomass	 across	 the	




Using	 Equation	 2	 below,	 a	 relative	 larval	 biomass	 score	 for	 each	
species	 was	 calculated,	 where	B	 =	 total	 larval	 biomass	 index	 and	
DLmax	=	maximum	D.L	score	across	all	species	(M. jurtina).







number	 of	 individuals,	 and	 higher	 levels	 of	 movement	 provide	 a	
greater	 function.	Mobility	 indices	 (M)	were	 taken	 from	Cowley	 et	
al.	(2001).	To	standardize	the	index	between	zero	and	one,	all	values	
were	divided	by	the	maximum	D.M.	score	(DMmax).














(Clark	 et	 al.,	 2014).	 By	 determining	 which	 species	 the	 general	


































Polyommatus coridon <0.001 0 NA 0 0
Polyommatus icarus 0.017 0.173 0.027 0 0
Pyrgus malvae NA 0 NA NA NA
Pyronia tithonus 0.355 1 0.325 0 0
Satyrium pruni NA 0 NA NA NA
Satyrium w‐album <0.001 0 <0.001 0 0
Thecla betulae <0.001 0 <0.001 0 0
Thymelicus acteon <0.001 0 <0.001 0 0
Thymelicus lineola NA 0 NA 0 0
Thymelicus sylvestris 0.018 0 0.017 0 0
Vanessa atalanta 0.068 0.396 0.081 0 0
Vanessa cardui 0.013 0.071 NA 0 0
TA B L E  2   (Continued)







2011	and	2017	was	 calculated.	Relative	 cultural	 function	 scores	
were	calculated	using	Equation	4,	where	C	=	relative	cultural	func‐
tion	score,	Y	=	individual	species	average	score	from	the	BBC	sur‐
vey,	 and	 Ymax	 =	 highest	 species	 average	 BBC	 score	 (gatekeeper	
Pyronia tithonus).	Species	that	did	not	occur	in	the	top	18	species	
in	 the	BBC	had	 negligible	 occurrence	 in	 local	 environments	 and	
were	given	a	score	of	zero.
2.3.4 | Associations between ecosystem function 











































































3.1 | Comparison of interannual population 
dynamics with phylogenetic relatedness
The	 results	 of	 the	Mantel	 test	 show	 that	 increasing	 values	 in	 the	
transformed	population	dynamics	correlation	matrix	are	significantly	
positively	associated	with	increasing	genetic	distances	between	spe‐




(r	=	0.151;	Table.	3);	 that	 is,	 in	UK	butterflies,	we	 find	 there	 to	be	
significant	heritability	in	species'	population	dynamics.
3.2 | Comparing trait distributions with 
population dynamics
There	 were	 no	 significant	 associations	 between	 the	 transformed	
population	dynamics	correlation	matrix	and	either	the	larval	biomass	
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or	 cultural	 function	matrices	 (p	 =	 .868	 and	 p	 =	 .141,	 respectively	
[Table	3]).	Additionally,	none	of	the	matrices	of	pollination	function‐
ing	(general	wildflower	pollination,	Brassicaceae	or	Caryophyllaceae)	




















and	 the	 subsequent	effects	on	 function.	Using	 long‐term	monitor‐









Applying	 this	 approach	 for	 three	 types	 of	 ecosystem	 function	








Sasaki,	2013)	and	 lower	 levels	of	ecosystem	function	deficit	 (Allan	
et	 al.,	 2011;	Oliver	 et	 al.,	 2015).	 The	 investigation	 into	 the	 stabil‐
ity	of	wildflower	pollination	function	showed	that	butterfly	species	















into	 the	 same	 response	 guild,	 for	 example,	Pieris rapae, Pieris napi, 
Pieris brassicae, Aphantopus hyperantus,	and	Pararge aegeria	(Figure	5,	




are	 in	 synchronized	decline,	 this	may	be	one	of	 the	 few	 remaining	








TA B L E  3  Mantel	test	results	relating	differences	in	butterfly	population	dynamics,	genetic	distances	matrix,	and	all	trait	matrices









Population	dynamics Phylogenetic	tree 0.143 .003 0.100 0.185
Population	dynamics Larval	biomass −0.279 .868 −0.567 0.089
Population	dynamics Cultural	function 0.086 .141 −0.006 0.157
Population	dynamics General	wildflower	pol‐
lination	score
−0.162 .665 −0.517 0.198
Population	dynamics Brassicaceae	pollination	
score
−0.232 .663 −0.419 0.000
Population	dynamics Caryophyllaceae	pollina‐
tion	score
0.489 .163 0.000 0.780
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by	 Harvey	 and	 Pagel	 (1991),	 whereby	 closely	 related	 species	 are	
more	 likely	 to	be	ecologically	 similar	 (Ackerly,	2009).	 Interestingly,	
it	contrasts	with	results	from	Diamond,	Frame,	Martin,	and	Buckley	




species	 respond	 to	environmental	 change	based	on	 the	 responses	
of	related	species	for	which	population	dynamics	data	are	available.
Although	we	believe	our	methodology	offers	significant	advances	
over	 previous	 reductionist	 approaches	 for	 predicting	 resilience	 of	
ecosystem	 functioning	 in	 real‐world	 situations,	 it	 has	 several	 lim‐
itations.	 First,	 our	 method	 is	 most	 applicable	 to	 species	 for	 which	
long‐term	monitoring	data	are	available;	for	example,	in	the	UK,	this	
primarily	comprises	groups	such	as	plants,	butterflies,	birds,	aphids,	
moths,	 and	 ground	 beetles,	 for	 example,	 Morecroft	 et	 al.	 (2009).	




















newly	 arising	environmental	 drivers	of	 change	 could	 affect	 individ‐
ual	species	idiosyncratically,	for	example,	a	newly	arriving	pathogen	
which	is	species‐specific.	Therefore,	some	deliberation	is	needed	with	
regard	 to	 the	appropriate	 level	of	uncertainty	when	making	predic‐
tions,	as	in	any	ecological	forecasting	attempt	(Oliver	&	Roy,	2015).
Finally,	 there	 are	 still	 constraints	 in	 applying	 these	 methods	
based	on	the	availability	of	functional	“effect”	traits.	To	demonstrate	
the	applicability	of	the	method,	we	used	three	basic	proxies	for	eco‐
system	 functions	 delivered	 by	 butterflies.	 Uncertainty	 remains	 in	
the	appropriateness	of	these	proxies;	for	example,	we	assume	that	






demonstrating	 the	applicability	of	 the	method,	 further	 refinement	
of	 trait	 selection	 and	 calculation	 will	 be	 necessary	 for	 using	 this	
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